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ABSTRACT 

Background: Consumption of Plantago ovata may protect against colorectal cancer. To test this hypothesis, 
an ecological study was performed to determine mortality rates and distribution of colorectal cancer, and the 
consumption and distribution of P ovata, in different provinces in Spain. The putative association between P ovata 
consumption and mortality from colorectal cancer was then evaluated. 

Methods: We conducted a comparative ecological study of Spanish provinces, with colorectal cancer mortality as 
the dependent variable and per capita consumption of P ovata by province and year as the independent variable. 
Associations were analyzed by calculating Spearman's correlation coefficients and a Poisson multiple regression 
model. 

Results: Consumption of P ovata tended to be inversely correlated with mortality from colorectal cancer. In the 
Poisson regression analysis this tendency remained and reached statistical significance for the top quintile of P ovata 
consumption in the adjusted analysis (P = 0.042). 

Conclusions: Our results show an inverse trend between the consumption of P ovata and colorectal cancer 
mortality. We recommend additional observational studies of individuals, in order to better control confounding 
factors. 
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INTRODUCTION 

Tumors of the colon and rectum are generally analyzed jointly 
because it is difficult to establish clear differences between 
them, particularly for tumors of the rectosigmoid region. 1 ' 2 
There is an upward trend in incidence rates for these tumors 
in the developed world; however, mortality rates have 
stabilized or begun to decrease, as is the case in the United 
States. 2 In Spain, colorectal cancer was responsible for 
11% of cancer deaths in men, and 15% of cancer deaths in 
women, in the year 2000. 3 It is estimated that the number of 
new cases is approximately 2 1 000 per year in both sexes, 
with a total of 1 1 900 deaths. Mortality has continued to 
increase since 1975 and is very high. Colorectal cancer is now 
regarded as the second most frequent cancer in both men and 
women. 3 

The most important known etiologic factors for colorectal 
cancer are genetic predisposition and diet. The dietary risk 
factors include greater consumption of red and processed meat 



("convincing" risks) and animal fats (a "limited" risk), 
whereas consumption of garlic, vegetables, and foods 
containing dietary fiber and calcium is believed to be 
protective. 4 

More than 30 years ago, the research of Trowell 5 and 
Burkitt 6 gave rise to the fiber theory, which suggested that a 
high-fiber diet could protect against a range of diseases and 
conditions, such as colon cancer, constipation, diverticulosis, 
diabetes, obesity, and cardiovascular disease. 

With respect to clinical practice, fiber is classified as soluble 
or insoluble. A specific variety of fiber is present in the 
Plantago family, among which Plantago ovata is the most 
frequently used variety. The seeds of P ovata contain a 20/80 
ratio of soluble and insoluble fibers, and the husks a 70/30 
ratio. The US Food and Drug Administration recommends 
that the dietary fiber component of a balanced diet should 
comprise 70% to 75% insoluble fiber and 25% to 30% soluble 
fiber, which makes the seeds of P ovata an ideal source of 
fiber. 7 
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Various commercial preparations derived from P ovata 
are used in Spain. Their therapeutic indications include 
conditions characterized by alternate episodes of diarrhea 
and constipation (irritable colon, diverticulosis); functional 
diarrheas; ulcerous colitis in remission; proctological 
processes; habitual, chronic, or secondary constipation (due 
to travel or in bedridden patients); and regulation of 
evacuation in post-colostomy patients. P ovata can also be 
consumed to complement daily fiber intake. 8 

The consumption of P ovata improves the postprandial 
glucose curve in patients with diabetes, especially those with 
type II diabetes. This effect has been demonstrated in a 
number of experimental studies, in which the husks had 
the greatest effect. Clinical trials have confirmed this 
hypoglycemic effect. 9 

A total of 16 cohort studies and 91 case-control studies 4 
have reported findings which indicate that a diet rich in fiber 
protects against colon cancer. This protective effect has been 
ascribed to the production of butyric acid in the colonic 
fermentation of dietary fiber. 10 Butyric acid produces 
acetylation, induces apoptosis, favors cellular differentiation, 
and regulates the expression of some oncogenes. Butyrate also 
has antineoplastic properties in colon cancer and is the 
preferred oxidative substrate for colonocytes. Increased 
production of butyric acid has been observed after ingestion 
of P ovata. This acts on sterol metabolism to reduce the 
concentration of plasma cholesterol, and increases elimination 
of biliary acids. 11 The effects in both cases depend on 
continued intake of the P ovata preparation. 11 

It is considered likely that certain dietary factors, possibly 
including consumption of P ovata, play a protective role in 
colon cancer, as was observed in a previous study carried out 
by the present research team. 12 Based on these findings, we 
investigated both the consumption of P ovata and mortality 
from colorectal cancer by age group and sex in each province 
of Spain during the period from 1995 through 2000. The 
putative association between consumption of P ovata and 
mortality from colorectal cancer was then evaluated. 

METHODS 

We conducted an ecological study that compared time trends 
in colorectal cancer mortality and consumption of P ovata in 
Spanish provinces. Age-adjusted colorectal cancer mortality 
was the dependent variable; the independent variable was per 
capita consumption of P ovata by province and year. 

Colorectal mortality rates by sex and age were collected for 
the 50 provinces of Spain for the period from 1995 through 
2000. 13 The mortality rates were standardized in accordance 
with the European population, by sex and age, using the 
indirect method. Specific mortality rates for colorectal cancer 
were calculated, by province and year, in the following age 
groups: 0 to 4, 5 to 14, 15 to 24, 25 to 34, 35 to 44, 45 to 54, 
55 to 64, 65 to 74, and >75 years. The mean mortality 



quintiles (Qmean) were also calculated, where 1 has the 
lowest mortality and 5 has the highest. 

The information needed to calculate the per capita fiber 
consumption for each province and for each year of the study 
period (1995-2000) was obtained from data taken from the 
sales records for preparations containing P ovata as an active 
ingredient. These records were supplied by the pharmaceutical 
laboratories that produce this preparation in Spain and by the 
Spanish Medicine Agency. 14 The total amount (in milligrams) 
of P ovata contained in each preparation studied (Cenat, 
Plantaben, Agiolax, Plantago Ovata Davur) was obtained. 
This amount was multiplied by the number of units sold in 
each province and year, and then divided by the Spanish 
Statistical Institute (INE) population projections for each year. 
Based on these calculations of per capita consumption 
per year, mean consumption was obtained for each province 
over the period examined. The mean quintiles of fiber 
consumption (QmeanF) were also calculated, where 1 is the 
lowest consumption and 5 is the highest. The association 
between mortality from colorectal cancer and consumption of 
P ovata was analyzed by calculating Spearman's correlation 
coefficients. 

Also included in the study were a series of co-variables 
which could affect the associations. These were obtained from 
the Disabilities, Deficiencies and Health Status Survey of 
1999 (INE), a survey of 220 000 people that are representative 
of the resident population in Spain. 15 The relevant variables 
for the study were selected and then converted into 
dichotomous variables, as shown in Table 1. The variables 
were also analyzed using a Poisson multiple regression 
model. 16 ' 17 ' 18 First, the unadjusted relative risk of colorectal 
cancer mortality was calculated for each quintile of fiber 
consumption. The final model thus obtained was then adjusted 
for the other independent variables; educational level and 
regular physical activity were included in the final model. 
Data processing and analysis were performed using the SAS 
9.1 and SPSS 15.0 statistical packages. 

RESULTS 

The mean adjusted mortality rate for colorectal cancer during 
the period from 1995 through 2000 was 22.93 per 100 000 
population in men and 18.34 in women; the combined rate 
was 20.93. With respect to mean colorectal mortality rate per 
province for the study period (Figure 1), there was a north-to- 
south distribution (higher-to-lower mortality). 

Regarding the average consumption of P ovata during the 
period analyzed, the highest average intakes per person were 
in Segovia and Navarra, and the lowest were in Cuenca and 
Murcia (Figure 2). 

Regarding the association between mean per capita 
consumption of P ovata and mean mortality rate in each 
province, lower consumption tended to be associated with 
higher mortality (Figure 3). The correlation between sex and 
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Table 1. Coding in the present study of variables included in "Disabilities, Deficiencies and Health Status Survey" (INE) 



DEMOGRAPHIC VARIABLES 



CIVIL STATUS: MARRIED = 0; SINGLE OR WIDOWED = 1 
NATIONALITY: SPANISH = 0; OTHER = 1 

INCOME LEVEL: MONTHLY INCOME >195000 pesetas = 0; <195000 pesetas = 1 

EDUCATIONAL LEVEL: VOCATIONAL TRAINING LEVEL 2, SECONDARY or tertiary education = 0; OTHER (ILLITERATE, NO SCHOOLING, 
PRIMARY education, OR VOCATIONAL TRAINING LEVEL 1) = 1 



LIFESTYLE VARIABLES 



TOBACCO CONSUMPTION: DAILY SMOKER = 1; OTHER (OCCASIONAL SMOKER, FORMER SMOKER, or Never SMOKER) = 0 
ALCOHOL CONSUMPTION: DAILY DRINKER = 1 ; OTHER (DRINKER 4-6 TIMES PER WEEK, 2-3 TIMES PER WEEK, ONCE A WEEK, 

LESS THAN ONCE A WEEK, FORMER DRINKER, or Never DRINKER) = 0 
PHYSICAL Exertion IN MAIN WORK ACTIVITY: WORK REQUIRING heavy PHYSICAL EXERTION = 0; OTHER (SEATED MOST OF DAY, 

STANDING MOST OF DAY, LITTLE MOVEMENT OR EXERTION, WALKING with WEIGHT, OR MOVING AROUND FREQUENTLY) = 1 
PHYSICAL EXERCISE: ENGAGES IN PHYSICAL EXERCISE OR SPORT SEVERAL TIMES PER WEEK = 0; OTHER (NO EXERCISE, 

COMPLETELY SEDENTARY, or ENGAGES IN PHYSICAL ACTIVITY OCCASIONALLY OR SEVERAL TIMES PER MONTH) = 1 



HEALTH VARIABLES 



SELF-PERCEIVED STATE OF HEALTH: VERY GOOD OR GOOD = 0; FAIR, POOR, OR VERY POOR = 1 

CHOLESTEROL LEVEL: HYPERCHOLESTEROLEMIA YES = 1; NO = 0 

BODY MASS INDEX: QUETELET INDEX <30 = 0; >30 = 1 

CHRONIC ILLNESS: SUFFERS FROM CHRONIC disorder YES = 1; NO = 1 




Figure 1. Mean annual mortality per 100000 population 
in Spain, 1995-2000. Distribution in quintiles: 
I <1 5.00; I 1 5.00-1 9.99; □ 20.00-24.99; 
I 25.00-29.99; I >30.00 



colorectal cancer mortality showed a negative trend, but this 
trend was not statistically significant (Figure 3). 

In the Poisson multiple regression model, there was a 
tendency for high consumption of P ovata to be protective 
against colorectal cancer in the raw model (Table 2). In the 
adjusted model, this protective trend remained, and the 
association was significant for the top quintile (P = 0.042) 
(Table 2). 

DISCUSSION 

Despite decades of epidemiological research, there is 
insufficient evidence for a causal relation between diet and 




Figure 2. Average annual consumption rate of P ovata 
(mg) in Spain, 1995-2000. Distribution 
in quintiles: I <20.000; 1 20.000-29.999; 
□ 30.000-39.999; I 40.000-49.999; □ >50.000 



cancer in general, and colorectal cancer in particular — with 
the exception of a few dietary factors. Most information on 
these associations comes from ecological studies of mortality, 
which are considered the most appropriate first step for 
developing new hypotheses. Statistics on deaths by cause of 
death are one of the most important sources of information for 
the study of the characteristics of population health and 
disease. Standard disease categories are used for all countries 
(International Classification of Diseases, 10th revision), and 
mortality statistics provide the basic data for such studies. 
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Scattered diagram of colorectal cancer mortality rate by average consumption rate of P. ovata 
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Figure 3. Scatter plot of average consumption of P ovata and colorectal cancer mortality for all Spanish provinces, 1995-2000 



Table 2. Crude and adjusted relative risks for colorectal 
cancer mortality by fiber consumption, in quintiles 



RR CRUDE ANALYSIS 





RR 


95% CI 


P 


QmeanFOI 


1 


1-1 




QmeanF02 


0.909 


0.555-1.380 


0.220 


QmeanF03 


1.091 


0.624-1.540 


0.121 


QmeanF04 


0.606 


0.578-1.018 


0.060 


QmeanF05 


0.939 


0.575-1.044 


0.063 




RR ADJUSTED* 


ANALYSIS 






RR 


95% CI 


P 


QMEDIAF01 


1 


1-1 




QMEDIAF02 


0.817 


0.452-1.476 


0.388 


QMEDIAF03 


0.940 


0.534-1.430 


0.120 


QMEDIAF04 


0.747 


0.370-1.023 


0.061 


QMEDIAF05 


0.746 


0.416-0.908 


0.042 


Abbreviations: RR, 


Relative Risk; 


QMEDIAF, Quintiles 


of fiber 



consumption (01 - lowest consumption; 05 - highest consumption). 
* Adjusted for educational level and physical activity. 

Another advantage of ecological studies is that when there 
is little variation in exposure among individuals in a particular 
geographic area, as is the case with certain types of dietary 
intake, studies of individuals are unable to investigate a 
sufficiently wide range of individuals, with different exposure 
levels, to allow epidemiological associations to be determined. 
Therefore, an ecological study that encompasses a large 
number of geographic areas, with variation in exposure to 
variables such as diet, can be a valid option. 19,20 That is why 
we selected this type of epidemiological design for the present 
study. 



We found considerable variation in adjusted mortality 
rates between provinces. For the years studied, rates were 
higher in the north — the area with the highest level 
of per capita income and industrialization. A close 
association was found between per capita income and 
physical activity (both at work and leisure), and seems 
to be a protective factor in colorectal cancer. However, 
this association is subject to confounding factors — such as 
sedentary lifestyle, diet, fat consumption, body weight, 
and lifestyles associated with physical activity (such as low 
use of tobacco and alcohol) — which are also related to 
educational level. 21 " 24 For these reasons, physical activity and 
educational level are included in the subsequent Poisson 
analysis. 

Previous ecological studies have shown that 
industrialization is accompanied by higher rates of colorectal 
cancer, and that industrialization is positively correlated with 
greater consumption of vegetable oil, chicken, poultry, and 
pork. However, there was no such correlation between 
industrialization and mean intakes of fish, cereals, and fresh 
vegetables, which remained stable. 25 These data suggest that 
dietary changes, particularly increased consumption of foods 
containing animal fats, play a role in the increased incidence 
of colorectal cancer. 4,25 " 27 

Geographic differences in mortality rates may also be 
due to other dietary factors that have been implicated in 
tumorigenesis, such as total fiber consumption and fiber 
source, 28,29 which vary widely between countries. For 
example, the main source of fiber is vegetables in France; 
fruit in Italy; and fruit, legumes, and potatoes in Spain. 30 



J Epidemiol 2009;19(4):206-211 



210 



Plantago Ovata Consumption and Colorectal Mortality in Spain 



The Second Expert Report: Food, Nutrition, Physical 
Activity and the Prevention of Cancer categorized different 
fiber-rich foods, including garlic, as probable protective 
factors against colorectal cancer. 4 For other foods 
— including fruit, legumes, and potatoes — the evidence of a 
preventive role against colorectal cancer was described as 
limited. 4 

The mechanisms by which fiber inhibits carcinogenesis are 
well established. Fiber is known to increase fecal weight, 
reduce intestinal transit time, and dilute carcinogenic 
substances in the colon by osmosis. 31 Fiber also provides a 
substrate for bacterial activity, and generates short-chain fatty 
acids such as acetate, propionate, and butyrate, which exert 
anti-carcinogenic effects by reducing fecal mutagenicity. 32 " 34 
Furthermore, butyrate in the distal colon reduces cellular 
proliferation and induces apoptosis; both mechanisms inhibit 
the transformation of colonic epithelium to carcinoma. 30 For 
all these reasons, the World Cancer Research Fund and 
the American Institute for Cancer Research assert that the 
evidence supports a probable relation between a high level of 
fiber consumption and lower risk of colorectal cancer. 4 

Although much research has been done on the overall role 
of fiber, few epidemiological studies have examined the anti- 
carcinogenic role played by each nutrient or each dietary 
supplement. 12 ' 35,36 This is why we examined the role of the 
fiber supplement P ovata in reducing mortality from colorectal 
cancer. 

We have already noted that P ovata is an ideal source of 
fiber. A large proportion of the fiber in the seeds and husks of 
this plant is fermentable in the colon, which gives rise to 
different protective mechanisms. First, P ovata inhibits 
bacterial p-glucuronidase, thereby reducing the incidence of 
colorectal tumors by decreasing the hydrolysis of glucuronide- 
conjugated carcinogens. 37 " 39 Second, the seeds increase the 
elimination of biliary acids from the feces, which also 
contributes to decreasing the risk of colorectal tumors. 
Third, a clinical trial in Spain showed that P ovata is 
effective in maintaining remission in ulcerative colitis, which 
has some etiopathogenic mechanisms in common with 
carcinogenesis. 40 These processes may be due not only 
to an increase in the previously mentioned protective 
mechanisms, but also by a reduction in inflammatory 
mediators such as TNF-a and NO. 41 Fourth, other studies 
have shown that consumption of P ovata increases production 
of butyrate and acetate by the intestinal flora, and results in 
higher levels of these fatty acids in the feces of patients who 
had undergone intestinal resection due to colon cancer. 40,42 

A preliminary study showed an inverse trend between 
P ovata consumption and mortality from colorectal cancer. 12 
In the present study, when the Poisson regression analysis was 
completed, a protective trend associated with increased intake 
of P ovata was noted in the adjusted model. This association 
was statistically significant in the top quintile of P ovata 
consumption (P = 0.042). 



Although ecological designs permit only limited 
epidemiological inferences, the international dissemination 
of these studies has helped to identify associations between 
diet and disease that were later confirmed by subsequent 
studies. Our results showed a tendency toward an inverse 
association between P ovata intake and colorectal cancer 
mortality; however, the study period was likely too short to 
confirm the protective effect of fiber consumption. Therefore, 
we believe that continued research, particularly observational 
studies of individuals, is warranted. Such research would be 
capable of confirming the putative association of P ovata 
consumption with colorectal cancer mortality and would allow 
for better control of confounding factors. 
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